WO R K I N G PA P E R S E R I E S
I
Summary of "Monetary and Fiscal Policy Interactions in a Micro-founded Model of a Monetary Union"
by Roel Beetsma and Henrik Jensen
An extensive amount of work has now been done on monetary policy in micro-founded models with sticky prices. However, this literature has so far paid little attention to the role of fiscal policy in multiple-country versions of these models and how fiscal policy and monetary policy interact in the stabilization of shocks. In the context of European Monetary Union (EMU) the issue of the interaction between monetary and fiscal policy is important for a variety of reasons. Some of the relevant questions are the following: to what extent will the burden of country-specific shock stabilization on fiscal policy increase? Will fiscal constraints hamper stabilization? Is there is a need for the coordination of monetary and fiscal policies in macro-economic stabilization?
In this paper, we try to address the above-mentioned gap in the literature by combining monetary and fiscal policy in a micro-founded, two-country model of a monetary union. The framework extends a recent model developed by Benigno (2001) . We derive the dynamics of the two economies assuming that prices adjust only slowly and that, in addition to a common monetary policy, there are national fiscal authorities pursuing active stabilization policies using public spending.
Throughout the paper the objective is to maximize the welfare of the entire union. This is obvious for the common central bank. However, given that in Europe there is a discussion about the need to coordinate (fiscal) policies, it is interesting to take also a supra-national perspective when evaluating the performance of fiscal policies and see how one could design policies that best serve the common interest. First, we study the optimal commitment and discretionary policies. Here, we allow for both full optimization over all instruments (monetary and fiscal) and for the case where fiscal policy is "passive". In the latter case, fiscal policies are at their natural levels, because they are exclusively directed at the efficient provision of public goods and take no part in macroeconomic stabilization.
The optimal policies exhibit a number of interesting features. First, in the absence of asymmetries in price rigidity, the optimal monetary policy closes the world consumption gap and forces world inflation to be zero.
1 While world inflation is zero, supply shocks generally cause national producer inflation rates to differ from zero. The role of the optimal fiscal policy is then to trade off the resulting terms-of-trade gap against national inflation rates and government spending gaps. Only in the special case of perfectly correlated supply shocks can the optimal policy mix replicate the efficient flexprice allocation. In that case, the natural rate of the terms of trade is constant, thereby leaving national inflation rates perfectly stable with public spending levels at their natural rates. Second, with equal degrees of price rigidity throughout the monetary union, monetary policy is not subject to a time-consistency problem, while fiscal policy does suffer from such a problem. As a result, there are welfare gains to be obtained from the commitment of fiscal policy. In particular, by committing to a public spending pattern 6 that involves more active stabilization, the common policy-maker influences inflation expectations in a way that improves the inflation/public spending trade off, thereby securing more stable national inflation rates and a more stable terms-of-trade gap. Finally, with differences in price rigidity, the optimal common monetary policy puts a relatively large emphasis on stabilizing the inflation of the country with the highest degree of price rigidity. Hence, the other country is characterized by more variable inflation and employs a more active fiscal stabilization policy.
While it is often argued that monetary unification shifts the burden of stabilizing country-specific shocks to fiscal policy, it turns out that in our model the relative advantage of using fiscal stabilization policy is unchanged when the correlation of the supply shocks decreases. The linear-quadratic structure of the model ensures that the public spending gap always offsets a given fraction of the macroeconomic fluctuations.
From a welfare point of view, the use of fiscal policy for stabilization appears to be of relevance. Restricting fiscal policy to be equal to its natural level leads to welfare losses that, for the parameter combinations that we consider, are equal to a permanent reduction in consumption of the order of 0.5 to 1 percentage point.
We also explore several types of simple policy rules. It is sometimes argued that the advantage of such rules is that they are relatively simple to understand and transparent. As a result, it may be easier to commit to them than to the optimal policy. We explore rules that have monetary policy close the world consumption gap as much as possible and keep world inflation as close as possible to zero (so as to approximate the properties of the optimal monetary policy). Expected welfare losses can then be reduced further if the public spending gap is made to respond to the terms-of-trade gap, thereby stabilizing national inflation. In particular, a terms-of-trade deterioration should lead to a fiscal contraction. This combination of simple policy rules is able to reduce the expected loss below that under full optimization with discretion. It cannot, however, attain the loss under the optimal commitment policy. We find a "distance" to the loss under optimal commitment that is equivalent to a permanent reduction in consumption ranging from 0.3 to 0.6 percentage points.
We also consider a standard Taylor-rule for monetary policy combined with fiscal policy rules that make the public spending gap a linear function of the output gap. Such a combination of rules generally performs well and produces expected losses below those under full optimization with discretion. In fact, the expected losses are surprisingly close to those obtained under the set of rules described in the previous paragraph (i.e., those approximately featuring the optimal monetary policy). The optimal fiscal rules are counter-cyclical and for our baseline parameter combination a 1%-point increase in the output gap causes a fall in the spending gap of somewhat more than 1%-point. 
Zh dvvxph wkdw sxeolf vshqglqj lv qdqfhg hlwkhu e| ghew lvvxdqfh ru oxps0vxp wd{dwlrq/ vr wkdw Ulfdugldq htxlydohqfh krogv1 Sxeolf vshqglqj lq frxqwulhv M dqg 8 lv jlyhq e| wkh iroorzlqj lqglfhv/ uhvshfwlyho|= prgho lv dvvrfldwhg zlwk jryhuqphqw sxufkdvhv dqg qrw zlwk jryhuqphqw rxwod|v rq sxeolf zdjhv1 Wkh odwwhu duh riwhq wkrxjkw wr eh frqwudfwlrqdu|1
Khqfh/ frpelqlqj +7, dqg +9,/ wkh wrwdo ghpdqgv iru wkh jrrgv dqg s duh
Iroorzlqj Ehqljqr dqg Ehqljqr +5334,/ zh dvvxph wkdw qdqfldo pdunhwv duh frpsohwh erwk dw wkh grphvwlf dqg dw wkh lqwhuqdwlrqdo ohyho1 Ixuwkhupruh/ hdfk lqglylgxdo*v lqlwldo kroglqj ri dq| w|sh ri dvvhw lv }hur1 Wkhvh dvvxpswlrqv lpso| shuihfw frqvxpswlrq ulvn0 vkdulqj zlwklq hdfk frxqwu| dqg htxdol}dwlrq ri wkh pdujlqdo xwlolwlhv ri frqvxpswlrq ehwzhhq frxqwulhv=
zkhuh -| lv wkh qrplqdo lqwhuhvw udwh rq dq lqwhuqdwlrqdoo|0wudghg qrplqdo erqg1 Wklv lv wdnhq wr eh wkh xqlrq fhqwudo edqn*v srolf| lqvwuxphqw1 Ilqdoo|/ xvlqj wkh dssursuldwh djjuhjdwruv/ djjuhjdwh ghpdqg lq erwk frxqwulhv lv irxqg dv
Ilupv
Lqglylgxdo lv wkh prqrsrolvw surylghu ri jrrg 1 Zh xvh .doyr*v +4<;6, dssurdfk wr prghoolqj sulfh vwlfnlqhvv1 Lq hdfk shulrg/ wkhuh lv d {hg suredelolw| E k wkdw sur0 gxfhu zkr uhvlghv lq fdq dgmxvw klv sulfhv1 Wklv surgxfhu wdnhv dffrxqw ri wkh idfw wkdw d fkdqjh lq wkh sulfh ri klv surgxfw dhfwv wkh ghpdqg iru lw1 Krzhyhu/ ehfdxvh kh lv lqqlwhvlpdoo| vpdoo/ kh qhjohfwv dq| hhfwv ri klv dfwlrqv rq djjuhjdwh yduldeohv1 Khqfh/ li lqglylgxdo kdv wkh fkdqfh wr uhvhw klv sulfh lq shulrg |/ kh fkrrvhv klv sulfh/ ghqrwhg 
Uhdol}lqj wkdw/ lq htxloleulxp/ hdfk surgxfhu lq d jlyhq frxqwu| lq d jlyhq shulrg zloo vhw wkh vdph sulfh zkhq jlyhq wkh fkdqfh wr fkdqjh lwv sulfh/ lw lv hdv| wr vkrz wkdw
Ilqdoo|/ zh rewdlq wkh vwhdg|0vwdwh qrplqdo +@uhdo, lqwhuhvw udwh iurp +<, dv n -' *q1 Ehiruh zh frqwlqxh/ zh lqwurgxfh vrph qrwdwlrq1 Iroorzlqj Ehqljqr +5334,/ zh ghqrwh
Ixuwkhu/ zh ghqrwh e| d wlogh wkh h{0sulfh orj0ghyldwlrq iurp wkh vwhdg| vwdwh/ l1h1/ h f *? f*f 1 Iru wkh h{leoh0sulfh htxloleulxp wkdw zh frqvlghu/ zh dvvxph wkdw wkh vfdo dxwkrulwlhv
djdlq vxemhfw wr +48, dqg +49,/ zlwk +4:, lpsrvhg1 Ehfdxvh wkhuh duh qr glvwruwlrqv/ wklv surjudpph jlyhv wkh kljkhvw srvvleoh zhljkwhg zhoiduh ohyho1 Wkhuhiruh/ zh whup wkh uhvxowlqj htxloleulxp wkh h!flhqw h{0sulfh htxloleulxp1 Wkh vfdo fkrlfh sureohp lpsolhv wkh iroorzlqj rswlpdolw| frqglwlrqv=
Wkhvh frqglwlrqv duh ghulyhg lq Dsshqgl{ D/ zkhuh zh dovr ghulyh wkh frpsohwh vroxwlrq iru wkh h!flhqw h{0sulfh htxloleulxp=
duh sursruwlrqdo wr wkh vxsso| dqg ghpdqg vkrfnv/ uhvshfwlyho|1 Zh zloo uhihu wr wkh rxwfrphv ri wkh deryh yduldeohv lq wkh h!flhqw h{0sulfh htxloleulxp dv wkh +vwrfkdvwlf, qdwxudo udwhv1 Dv zh zloo vhh ehorz/ xfwxdwlrqv lq wkh qdwxudo whupv ri wudgh zloo eh wkh vrxufh ri wkh srolf| wudgh0rv lq wkh prgho xqghu vwlfn| sulfhv1 Dv +58, vkrzv/ wkh qdwxudo whupv ri wudgh xfwxdwh zkhq qrq0lghqwlfdo vxsso| vkrfnv klw wkh wzr hfrqrplhv1 Zh fdq h{sodlq wklv dv iroorzv1 Ehfdxvh ri shuihfw frqvxpswlrq ulvn vkdulqj/ wkh pdujlqdo xwlolwlhv ri frqvxpswlrq duh htxdwhg dfurvv frxqwulhv1 Pruhryhu/ wkh pdujlqdo xwlolwlhv ri frqvxpswlrq duh htxdwhg wr wkh lpsolhg pdujlqdo glvxwlolw| ri dgglwlrqdo surgxfwlrq hruŵ vhh +48, dqg +49,`1 D srvlwlyh vxsso| vkrfn lq Krph uhodwlyh wr Iruhljq uhgxfhv Krph*v hruw qhhghg wr surgxfh d jlyhq dprxqw ri rxwsxw1 Surgxfwlrq ri Krph qhhgv wr lqfuhdvh uhodwlyh wr wkh surgxfwlrq ri Iruhljq wr hqvxuh wkdw wkh glvxwlolwlhv ri hruw duh htxdwhg djdlq1 Wr uhvwruh wkh htxloleulxp/ wkh sulfh ri Krph jrrgv uhodwlyh wr Iruhljq jrrgv pxvw ghfuhdvh/ l1h1/ h A | vkrxog lqfuhdvh1 Dq| ghpdqg glvwxuedqfhv/ krzhyhu/ kdyh qr hhfw rq wkh qdwxudo whupv ri wudgh1 Wkh| phuho| dowhu wkh pdujlqdo xwlolwlhv ri frqvxpswlrq/ exw e| wkh vdph dprxqw lq erwk frxqwulhv1 Wkhuhiruh/ surgxfwlrq hruw fkdqjhv e| wkh vdph dprxqw lq erwk frxqwulhv/ ohdylqj dq| uhodwlyh sulfh fkdqjh vxshu xrxv1
Ilqdoo|/ dvvxplqj wkdw wkh lq dwlrq udwh lq wkh h{0sulfh htxloleulxp lv }hur/ zh ghulyh wkh qdwxudo udwh ri wkh qrplqdo lqwhuhvw udwh dv
Htxloleulxp g|qdplfv xqghu vwlfn| sulfhv
Xqghu vwlfn| sulfhv/ wkh djjuhjdwh ghpdqg eorfn lv jlyhq e| +;,/ +<, dqg +43,/ zkloh wkh djjuhjdwh vxsso| eorfn lv +44,/ +45,/ +46,1 Dsso|lqj wkh dssursuldwh olqhdul}dwlrqv +vhh Dsshqgl{ E,/ wrjhwkhu zlwk wkh lqlwldo frqglwlrqv/ zh hqg xs zlwk wkh iroorzlqj g|qdplf v|vwhp/ zkhuh d kdw lqglfdwhv wkh orj0ghyldwlrq iurp wkh vwhdg| vwdwh zkhq sulfhv duh vwlfn|/ l1h1/ e f *?
zkhuh zh kdyh pdgh xvh ri wkh idfw wkdw/ xsrq orj0olqhdul}lqj +;, xqghu erwk h{leoh dqg vwlfn| sulfhv/ zh rewdlq e Iru looxvwudwlyh sxusrvhv/ zh uvw glvfxvv wkh vshfldo fdvh lq zklfk sxeolf vshqglqj grhv qrw dhfw lqglylgxdov* xwlolw| lq dw ohdvw rqh ri wkh frxqwulhv1 Lq wkdw fdvh +55,0+58, qr orqjhu krog/ dv wkhvh kdyh ehhq ghulyhg xqghu wkh dvvxpswlrq wkdw wkh vfdo dxwkrulwlhv pd{lpl}h +53, ryhu erwk C M | dqg C 8 | 1 Wkh v|vwhp +5:,0+65, uhpdlqv ydolg ehfdxvh zh ghulyhg lw vroho| iurp wkh sulydwh vhfwru*v uvw0rughu frqglwlrqv1 Rqh kdv= Sursrvlwlrq 4 Vxssrvh wkdw sxeolf vshqglqj grhv qrw dhfw lqglylgxdov* xwlolw| lq dw ohdvw rqh ri wkh frxqwulhv1 Wkhq/ wkh dssursuldwh frpelqdwlrq ri prqhwdu| dqg vfdo srolflhv forvhv doo wkh jdsv1
Wr h{sodlq wklv uhvxow/ revhuyh wkdw wkh prqhwdu| dxwkrulw| forvhv wkh frqvxpswlrq jds e| +frpplwwlqj wr, vhwwlqj +iru doo |, e
Hpslulfdo vxssruw iru wkh ghslfwhg iruzdug0orrnlqj ehkdylru lq sulfh vhwwlqj fdq eh irxqg lq Jdoð dqg Jhuwohu +4<<<, dqg Verugrqh +5335, iru wkh X1V1 dqg lq Jdoð hw do1 +5334, iru wkh Hxurodqg1 Qrwh wkdw wkhvh vwxglhv xvh uhdo pdujlqdo frvwv lqvwhdg ri wkh rxwsxw jds dv wkh gulylqj yduldeoh1 Uhfhqwo|/ krzhyhu/ Qhlvv dqg Qhovrq +5335, kdyh surylghg d wkhruhwlfdo dqg hpslulfdo uhfrqfloldwlrq ri pdujlqdo0frvw edvhg dqg rxwsxw0jds edvhg lq dwlrq htxdwlrqv1 Lw vkrxog eh revhuyhg wkdw wkh hpslulfdo uhvxowv ri Frhqhq dqg Zlhodqg +5333, iru Hxurodqg duh pruh vxssruwlyh ri Wd|oru0vw|oh frqwudfwv wkdq ri Fdoyr0vw|oh frqwudfwv1 vxssrvh wkdw rqo| wkh Krph frqvxphuv ghulyh xwlolw| iurp sxeolf vshqglqj1 Wkhq/ h 
Zh fdq vxevwlwxwh wklv h{suhvvlrq lqwr +63,/ wr jhw ulg ri wkh whupv0ri0wudgh jds1 Wkh Krph Skloolsv fxuyh qrz ghshqgv rq wkh frqvxpswlrq jds dqg wkh wzr jryhuqphqw vshqglqj jdsv1 Li wkh dxwkrulwlhv +frpplw wr, vhwwlqj +iru doo |, e Wkhq/ wkh dssursuldwh frpelqdwlrq ri prqhwdu| dqg vfdo srolflhv forvhv doo wkh jdsv1 E| +frpplwwlqj wr, vhwwlqj +iru doo |, e 
Wkdw lv/ vfdo srolf|pdnlqj lv h{foxvlyho| frqfhuqhg zlwk vhfxulqj wkh h!flhqw surylvlrq ri sxeolf jrrgv/ dqg wdnhv qr sduw lq vwdelol}lqj rwkhu pdfurhfrqrplf yduldeohv1
Zh zloo dovr h{soruh ydulrxv srolf| uxohv1 Dowkrxjk vxfk uxohv duh jhqhudoo| vxerswlpdo uhodwlyh wr wkh rswlpdo frpplwphqw srolf|/ wkh odwwhu lv riwhq phuho| uhjdughg dv d ehqfk0 pdun1 Lq uhdolw| lw zrxog eh kdug wr dfklhyh/ ehfdxvh wkh srolf|pdnhuv zrxog kdyh dq lqfhqwlyh wr ghyldwh iurp wkh rswlpdo sodq1 Dowkrxjk srolf| uxohv jhqhudoo| dovr uhtxluh "! Wkh srolflhv dqg dvvrfldwhg orvvhv duh frpsxwhg qxphulfdoo| xvlqj wkh vroxwlrq dojrulwkpv ghvfulehg e|/ h1j1/ Edfnxv dqg Gul!oo +4<;9,/ Vyhqvvrq +4<<7, dqg Vùghuolqg +4<<<,1 frpplwphqw/ wkh lqfhqwlyh wr ghyldwh iurp wkh uxoh zrxog eh zhdnhu li lw lv wudqvsduhqw dqg vlpsoh/ vr wkdw ghyldwlrqv iurp wkh uxoh fdq hdvlo| eh ghwhfwhg dqg sxqlvkhg/ hlwkhu wkurxjk d orvv ri frqghqfh iurp wkh sxeolf2qdqfldo pdunhwv ru e| rwkhu srolf|pdnhuv1 Iru h{dpsoh/ wkh odwwhu pljkw h{foxgh wkh plvehkdylqj srolf|pdnhu iurp wkhlu mrlqw ghflvlrq0pdnlqj surfhvv +vhh/ krzhyhu/ wkh fdyhdw rq srolf| uxohv yhuvxv ixoo| rswlpdo srolf|pdnlqj lq Irrwqrwh 6,1
Wkh prqhwdu| dqg vfdo srolf| uxohv wkdw zh zloo frqvlghu doo idoo zlwklq wkh udwkhu jhqhudo fodvv ri uxohv jlyhq e|
zklfk/ iru h{dpsoh/ doorz iru wkh srvvlelolw| wr frqwudfw prqhwdu| srolf| zkhq lq dwlrq ru wkh frqvxpswlrq jds lqfuhdvhv dqg wr frqwudfw vfdo srolf| zkhq wkh frqvxpswlrq jds lqfuhdvhv ru wkh whupv0ri0wudgh jds ghwhulrudwhv1 Zh zloo qrw rswlpl}h wkh frpelqdwlrq +68, dqg +69, ryhu doo sdudphwhuv1 Wklv zrxog uhtxluh dq lpphqvh dprxqw ri frpsxwlqj wlph1 Pruh lpsruwdqwo|/ wklv zrxog lq vrph lqvwdqfhv ohdg wr frh!flhqwv ri lqqlw| +dv zh zloo h{sodlq ehorz,/ zklfk hvvhqwldoo| pdnhv qr vhqvh1 Wkhuhiruh/ zh frqvlghu vshfldol}dwlrqv ri wkh frpelqdwlrq ri uxohv +68, dqg +69,/ zkhuh lq vrph fdvhv zh lpsrvh frqvwudlqwv rq wkh frh!flhqwv ri wkhvh uxohv1 Iru h{dpsoh/ vhh Ehhwvpd dqg Vfkrwpdq +5334, dqg wkh uhihuhqfhv wkhuhlq1 iru jryhuqphqw vshqglqj/ 4 } / dovr dw 2D1 Ixuwkhu/ zh vhw wkh hodvwlflw| ri wkh oderu vxsso| dw f/ lpso|lqj # ' f1 Ilqdoo|/ edvhg rq fS dqg f2 ehlqj uhdvrqdeoh dssur{lpdwlrqv iru wkh sulydwh dqg jryhuqphqw frqvxpswlrq vkduhv ri rxwsxw lq uhdolw|/ zh dvvxph wkdw 1 S ' f.D/ vr wkdw sulydwh frqvxpswlrq lv wkuhh wlphv dv odujh dv jryhuqphqw frqvxpswlrq1 Wkh qh{w vwhs lq wkh fkrlfh ri wkh ehqfkpdun sdudphwhu ydoxhv frqfhuqv wkh fkrlfh ri wkh orvv ixqfwlrq sdudphwhuv1 Khuh/ zh pdnh xvh ri wkh h{suhvvlrqv wkdw Ehqljqr +5334, lq wkh devhqfh ri hqgrjhqrxv jryhuqphqw vshqglqj ghulyhv iru wkhvh sdudphwhuv dv ixqfwlrqv ri wkh ghhs prgho sdudphwhuv1 Wklv |lhogv wkh iroorzlqj h{suhvvlrqv +xs wr dq luuhohydqw sursruwlrqdolw| idfwru,=
Zh olqn wkh zhljkw rq sxeolf vshqglqj wr lwv uhodwlyh zhljkw lq rxwsxw1 Wkhuhiruh/ lq wkh ehqfkpdun/ zh vhw b C ' b dE 1 S *1 S o1 Wkh qdo vwhs lqyroyhv wkh fkrlfhv derxw wkh vkrfnv1 Zh dvvxph wkdw wkh vkrfnv iroorz -E surfhvvhv= Hyhq wkrxjk wkh ghpdqg vkrfnv dhfw wkh h!flhqw h{0sulfh htxloleulxp dqg wkhuhe| dovr wkh ghyldwlrqv ri yduldeohv xqghu vwlfn| sulfhv iurp wkhlu vwhdg| vwdwh ydoxhv/ wkh jdsv ri doo wkh yduldeohv duh xqdhfwhg e| wkh ghpdqg vkrfnv1 Iru wkh rswlpdo srolflhv rqh fdq lpphgldwho| vhh wklv uhvxow/ li rqh uhdol}hv wkdw wkh v|vwhp +67,/ +5:,/ +63,/ +64, dqg +65,/ zlwk wkh odwwhu uhzulwwhq dv
lv h{kdxvwlyho| h{suhvvhg dv d vhw ri uhodwlrqv dprqj jdsv ri yduldeohv dqg h A | h A |!Q 1 Zh fdq uhodeho doo wkh jdsv dv/ vd|/~Q | c~ | c111 Wkhq/ revhuylqj e| +58, wkdw h A | h A |!Q rqo| ghshqgv rq wkh +fxuuhqw dqg rqh0shulrg odjjhg, uhodwlyh vxsso| vkrfn/ zh duh ohiw zlwk d v|vwhp zlwkrxw ghpdqg vkrfnv1 Wklv uhdvrqlqj dovr rqfh djdlq h{sodlqv zk| vxsso| vkrfnv lq jhqhudo gr pdwwhu khuh1 Dv uhjdugv wr wkh luuhohydqfh ri wkh ghpdqg vkrfnv lq wkh fdvh ri rxu uxohv/ zh revhuyh wkdw wkh frpelqdwlrq ri uxohv +68, dqg +69, lv h{kdxvwlyho| h{suhvvhg lq whupv ri jdsv dqg qdwlrqdo lq dwlrq udwhv/ vr wkdw frpsohphqwlqj wkh v|vwhp +67,/ +5:,/ +63,/ +64, dqg +65, e| wkhvh uxohv |lhogv djdlq d v|vwhp lq jdsv dqg wkh uhodwlyh vxsso| vkrfn1 Uhlwhudwlqj wkh uhodehoolqj wulfn/ zh wkxv kdyh d v|vwhp zlwkrxw ghpdqg vkrfnv1
Zh kdyh dvvxphg wkdw doo vkrfnv dqg/ wkxv/ dovr wkh qdwxudo ohyhov ri yduldeohv duh re0 vhuydeoh1 Khqfh/ zkhq frqgxfwlqj rswlpdo srolflhv ru lpsohphqwlqj d uxoh/ srolf|pdnhuv uhvsrqg wr wkh wuxh qdwxudo udwhv1 Krzhyhu/ lq sudfwlfh/ vkrfnv duh xvxdoo| rqo| lpshu0 ihfwo| revhuydeoh1 Dv d uhvxow/ qdwxudo ohyhov fdq dw prvw eh lpsuhflvho| frpsxwhg dqg wkhlu frpsxwdwlrq zloo jhqhudoo| dhfw wkh rxwfrphv xqghu rswlpdo srolflhv ru xqghu uxohv1 Khqfh/ jlyhq wkh lpsuhflvh nqrzohgjh derxw wkh qdwxudo ohyhov ri yduldeohv/ sudfwlfdo sro0 lf|pdnlqj lv riwhq edvhg rq ghyldwlrqv ri yduldeohv/ vxfk dv rxwsxw/ iurp d wuhqg1 Dsduw iurp sureohpv zlwk wkh revhuydwlrq ri vkrfnv/ lq sudfwlfh wkhuh lv dovr xqfhuwdlqw| derxw wkh fruuhfw pdfurhfrqrplf prgho1 Wklv wudqvodwhv dv dq dgglwlrqdo vrxufh ri xqfhuwdlqw| lqwr wkh frpsxwdwlrq ri wkh qdwxudo ohyhov ri yduldeohv1 Wkhuhiruh/ zkhq dvvhvvlqj wkh shuirupdqfh ri wkh srolflhv wr eh lqyhvwljdwhg ehorz zh kdyh wr ehdu lq plqg wkhvh txdo0 lfdwlrqv1 Dowkrxjk eh|rqg wkh vfrsh ri wkh suhvhqw sdshu/ lw zrxog eh xvhixo lq ixuwkhu uhvhdufk wr h{soruh srolf| uxohv wkdw duh urexvw djdlqvw wkh deryhphqwlrqhg frqfhuqv1
Lq wklv vhfwlrq zh h{soruh rswlpdo srolflhv1 Dsshqgl{ . fkdudfwhul}hv irupdoo| wkh vr0 oxwlrq/ exw zh vwlfn wr lqwxlwlyh h{sodqdwlrqv khuh1 Zh vwduw zlwk wkh ehqfkpdun fdvh ri ixoo rswlpl}dwlrq ryhu doo wkuhh srolf| lqvwuxphqwv xqghu frpplwphqw dqg xqghu wkh dvvxpswlrq wkdw erwk frxqwulhv duh fkdudfwhul}hg e| htxdo uljlglwlhv +l1h1 
zklfk vkrzv wkdw wkh whupv ri wudgh duh frpsohwho| lqvxodwhg iurp prqhwdu| srolf| lq wklv fdvh/ exw qrw iurp vfdo srolf|1 Wkh frpelqdwlrq ri rswlpdo srolflhv lv dv iroorzv1 Wkh prqhwdu| dxwkrulw| frpplwv wr vhwwlqj wkh lqwhuhvw udwh dw wkh qdwxudo udwh/ zklfk forvhv frqvxpswlrq jds dqg surgxfhv }hur zruog lq dwlrq dw doo gdwhv +ehfdxvh e C| ' h C| / dv zh h{sodlq ehorz,1 Krzhyhu/ lq wkh suhvhqw vlwxdwlrq qrw doo jdsv fdq eh forvhg/ dv Sursr0 vlwlrq 7 douhdg| vkrzhg/ ehfdxvh }hur zruog lq dwlrq klghv rssrvlwh pryhphqwv lq orfdo lq dwlrq udwhv/ zklfk suhyhqw wkh whupv ri wudgh iurp dozd|v dwwdlqlqj lwv qdwxudo ohyho1 Sxeolf vshqglqj xqghu wkh rswlpdo sodq lv xvhg wr uhgxfh wkh whupv0ri0wudgh jds/ wkhuhe| gdpshqlqj lwv hhfwv rq orfdo lq dwlrq1 Zkhq wkh whupv0ri0wudgh jds lv srvlwlyh +vd|,/ fdxvlqj xszdug suhvvxuh rq Krph lq dwlrq/ Krph vfdo srolf| vkrxog eh frqwudfwlrqdu|/ dqg ylfh yhuvd iru wkh rwkhu frxqwu|1 Lq wklv v|pphwulf fdvh/ wkh sxeolf vshqglqj jdsv duh htxdoo| odujh lq devroxwh ydoxh/ vr wkdw wkh| rvhw hdfk rwkhu lq +6;,1 +Dsshqgl{ . vkrzv wklv irupdoo|1, Zh vkdoo qrz h{soruh d qxpehu ri yduldwlrqv rq wkh ehqfkpdun fdvh1 Iluvw/ zh lqyhvwl0 jdwh wkh ehqhwv iurp frpplwphqw e| frpsxwlqj wkh vroxwlrq zkhq srolflhv duh frqgxfwhg xqghu glvfuhwlrq1 Zkhq wkh hfrqrplhv ihdwxuh dq htxdo ghjuhh ri sulfh uljlglw|/ wkh frp0 plwphqw sureohp dulvhv h{foxvlyho| lq vfdo srolf|/ dv wkhuh duh qr wudgh0rv lq prqhwdu| srolf|/ dv zh h{sodlqhg deryh1 Krzhyhu/ wkh vfdo dxwkrulwlhv fdq jdlq li wkh| frpplw wr pruh djjuhvvlyh dqg shuvlvwhqw srolf| uhvsrqvhv wrzdugv vkrfnv^wkh lqhuwldo qdwxuh ri vshqglqj xqghu frpplwphqw lv vhhq irupdoo| lq Dsshqgl{ ./ htxdwlrqv +86, dqg +87,`1 Wklv zloo dhfw lq dwlrq h{shfwdwlrqv/ dqg wkxv khos wr vwdelol}h fxuuhqw lq dwlrq1 "# Dv d uhvxow/ wkh whupv0ri0wudgh jds zloo ehfrph pruh vwdeoh1 Dowkrxjk wkhvh jdlqv frph dw wkh frvw ri pruh yduldeoh sxeolf vshqglqj/ wkh| grplqdwh wklv frvw1 Khqfh/ wkh glvfuhwlrqdu| vfhqdulr zkhuh vfdo srolf| lv ohvv dfwlyh dqg shuvlvwhqw wrzdugv vwdelol}lqj vkrfnv lv zho0 iduh lqihulru/ dv wkh lq dwlrq2vshqglqj wudgh0r lv zruvh vlqfh lq dwlrq h{shfwdwlrqv duh "# Wklv lv dqdorjrxv wr wkh rswlpdolw| ri frpplwwlqj wr dq lqhuwldo prqhwdu| srolf| lq d forvhg hfrqrp| zkhq vkrfnv lqgxfh prqhwdu| srolf| wudgh0rv> fi1 Zrrgirug +4<<<d,1 qrw dhfwhg dv vwurqjo| dv xqghu frpplwphqw1 Zh suhvhqw wkh orvvhv iru wkh wzr fdvhv lq Wdeoh 4/ lq wkh froxpqv u S dqg u _ / uhvshfwlyho|1 Krzhyhu/ wr dvvhvv wkh zhoiduh jdlqv iurp frpplwphqw lq uhdo zruog whupv/ zh frpsxwh wkh shupdqhqw +dqg frqvwdqw, shufhqwdjh fkdqjh lq wkh frqvxpswlrq jds wkdw zrxog surgxfh d jlyhq glhuhqfh lq orvvhv1 .doo wklv shufhqwdjh fkdqjh S1 Zh wkxv vroyh=
zkhuh u S lv wkh orvv xqghu frpplwphqw zlwk ixoo rswlpl}dwlrq/ dqg u lv wkh orvv xqghu wkh uhjlph +lq wklv fdvh/ ixoo rswlpl}dwlrq xqghu glvfuhwlrq, wkdw zh zdqw wr frpsduh zlwk u S lq whupv ri frqvxpswlrq htxlydohqwv1 Zh uhsruw wkh jxuhv lq froxpq ( ri Wdeoh 5 dqg revhuyh wkdw wkh ehqhw iurp frpplwphqw lv qrq0wulyldo/ dv lw lv htxlydohqw wr d shupdqhqw frqvxpswlrq jdlq ri pruh wkdq fDI iru wkh ehqfkpdun fdvh1 Wkh sxusrvh ri wkh qh{w yduldwlrq lv wr h{soruh wkh jdlqv iurp xvlqj sxeolf vshqglqj iru pdfurhfrqrplf vwdelol}dwlrq1 Wr wklv hqg/ zh uhvwulfw vfdo srolf| wr eh sdvvlyh +l1h1 Zh qrz ydu| wkh fruuhodwlrq ehwzhhq wkh vkrfnv1 Khuh/ zh ljqruh wkh fdvh ri shuihfwo| fruuhodwhg vxsso| vkrfnv/ ehfdxvh e| Sursrvlwlrq 6/ zh nqrz wkdw lw ohdgv wr }hur zhoiduh orvvhv1 Uhphpehu iurp +6:, wkdw lw lv rqo| wkh uhodwlyh vxsso| vkrfn +hqwhulqj yld wkh whup h A | h A |!Q , wkdw ghwhuplqhv wkh xfwxdwlrqv lq wkh jdsv ri doo yduldeohv1 Khqfh/ zkhq wkh fruuhodwlrq ri wkh vxsso| vkrfnv idoov/ wkh yduldqfh ri wkh uhodwlyh vxsso| vkrfn ulvhv dqg wkh orvvhv lqfuhdvh +dv wkh jxuhv lq Wdeoh 4 frqup,1 Wkh frpprqo|0khog ylhz wkdw lq d prqhwdu| xqlrq wkh ehqhwv iurp vfdo vwdelol}dwlrq srolf| dw wkh qdwlrqdo ohyho ehfrph sursruwlrqdoo| odujhu zkhq wkh vkrfn fruuhodwlrqv idoo lv qhyhuwkhohvv qrw fruuhfw iru wkh fxuuhqw prgho1 Wdeoh 4 vkrzv wkdw wkh udwlrv u S *u SR dqg u _ *u _R uhpdlq xqfkdqjhg zkhq zh ydu| wkh fruuhodwlrq ri wkh vxsso| vkrfnv1 Wkh h{sodqdwlrq iru wklv qglqj lv wkdw wkh uhodwlyh vxsso| vkrfnv hhfwlyho| dfw dv d frpprq vkrfn1 Ixuwkhu/ wkh zhoiduh orvv lq wklv olqhdu0txdgudwlf iudphzrun lv dozd|v sursruwlrqdo wr wkh yduldqfh ri wklv vkrfn1 Khqfh/ wkh uhodwlyh dgydqwdjh ri kdylqj uhfrxuvh wr vfdo vwdelol}dwlrq lv lqyduldqw wr wkh fruuhodwlrq ri wkh vxsso| vkrfnv1 Qhyhuwkhohvv/ lw lv lqwhuhvwlqj wr ydu| wkh fruuhodwlrq ri wkh vxsso| vkrfnv lq wkh prgho/ ehfdxvh zh gr qrw kdyh d suhflvh lghd derxw wkhlu hpslulfdo fruuhodwlrq/ zkloh lq wklv zd| zh fdq vhh zkhwkhu wkh jdlqv iurp frpplwphqw dqg dq dfwlyh vfdo srolf| uhpdlq uhohydqw zkhq wkh fruuhodwlrq lv srvlwlyh1 Kroglqj hyhu|wklqj hovh {hg dw wkh ehqfkpdun vhwwlqj/ zlwk d vxsso|0vkrfn fruuhodwlrq ri fD/ wkh jdlq iurp frpplwphqw dprxqwv urxjko| wr d feI shupdqhqw lpsuryhphqw lq frqvxpswlrq/ zkloh wkh jdlq iurp dq dfwlyh vfdo srolf| lv voljkwo| odujhu +vhh Wdeoh 5, 1 Zh kdyh dovr ydulhg wkh -E frh!flhqw ri wkh vxsso| vkrfnv1 Lq sduwlfxodu/ zh udq qxphulfdo vlpxodwlrqv zlwk -E frh!flhqwv ri fb dqg f.D1 Lq erwk fdvhv/ zh dgmxvwhg wkh yduldqfh ri wkh lqqrydwlrqv > 7c| / vr dv wr nhhs wkh xqfrqglwlrqdo yduldqfh ri 7 | xqfkdqjhg1 Wkh jdlq iurp frpplwphqw dprxqwv wr d shupdqhqw frqvxpswlrq jdlq ri fSI dqg fI/ uhvshfwlyho|/ zkloh wkh jdlq iurp xvlqj vfdo srolf| iru vwdelol}dwlrq dprxqwv wr d shupdqhqw frqvxpswlrq jdlq ri fSI dqg feI/ uhvshfwlyho|1 Khqfh/ dowkrxjk vpdoohu/ wkh jdlqv iurp frpplwphqw dqg dq dfwlyh vfdo srolf| uhpdlq qrq0wulyldo1 Wkh qh{w h{shulphqw frqfhuqv wkh yduldwlrq ri wkh frh!flhqwv b CM dqg b C8 ri wkh sxeolf vshqglqj jdsv lq wkh orvv ixqfwlrq1 Wkh uhdvrq iru ydu|lqj wklv frh!flhqw lv wkdw zh duh ljqrudqw derxw wkh dssursuldwh vl}h ri wklv frh!flhqw1 Dv h{shfwhg/ lqfuhdvlqj wkh frh!flhqw ohdgv wr kljkhu orvvhv dqg orzhu yduldelolw| lq sxeolf vshqglqj1 Krzhyhu/ txdqwlwdwlyho|/ wkh jdlqv iurp frpplwphqw dqg kdylqj dffhvv wr vfdo vwdelol}dwlrq uhpdlq uhohydqw +vhh Wdeoh 5, 1 Ilqdoo|/ zh h{soruh wkh hhfwv ri fkdqjlqj wkh lqyhuvh ri wkh hodvwlflw| ri wkh oderu vxsso|/ #1 Wkh dssursuldwh vl}h ri wklv sdudphwhu lv w|slfdoo| vxuurxqghg zlwk d orw ri xqfhuwdlqw|/ vr wkdw lw lv vhqvleoh wr frqvlghu wklv yduldwlrq1 Wdeohv 4 dqg 5 uhsruw wkh uhvxowv iru # ' D/ wkxv dvvxplqj d oderu0vxsso| hodvwlflw| zklfk lv wzlfh dv odujh dv wkh edvholqh hodvwlflw|1 Dowkrxjk vrphzkdw vpdoohu wkdq xqghu wkh ehqfkpdun/ wkh jdlqv iurp frpplwphqw dqg vfdo vwdelol}dwlrq uhpdlq qrq0qhjoljleoh/ dv Wdeoh 5 vkrzv1 815 Wkh uxohv Dv phqwlrqhg hduolhu/ wkh dgydqwdjh ri d uxoh lv wkdw lw pd| eh hdvlhu wr frpplw wr wkdq wr wkh rswlpdo srolf|/ ehfdxvh d uxoh lv riwhq vlpsohu dqg pruh wudqvsduhqw1 Wkh uvw frpelqdwlrq ri uxohv lv vxjjhvwhg e| wkh rswlpdo vroxwlrqv deryh1 Wkh prqhwdu| srolf| uxoh lv fkrvhq vxfk wkdw lw +doprvw, forvhv wkh frqvxpswlrq jds dqg +doprvw, ohdgv wr }hur zruog lq dwlrq1 Ri frxuvh/ shuihfw holplqdwlrq ri wkh frqvxpswlrq jds dqg/ khqfh/ }hur zruog lq dwlrq zrxog eh rswlpdo/ exw zrxog uhtxluh vrph lqqlwho|0odujh frh!flhqwv lq wkh prqhwdu| srolf| uxoh1 Zh dssur{lpdwh wklv vlwxdwlrq e| vhwwlqj Zh h{shulphqwhg zlwk dq lqfuhdvh lq wkh frh!flhqw rq Z w lq wkh fhqwudo edqn*v lqwhuhvw udwh uxoh1 Wklv udlvhg wkh rswlpdo uhodwlyh zhljkw ri wkh pruh uljlg frxqwu| lq Z w / zklfk fruuhvsrqgv wr zkdw Ehqljqr*v +5334, qgv iru d vwulfw lq dwlrq wdujhwlqj uxoh +l1h1/ vxfk wkdw Z w ( !,1 4; Dq h{dpsoh lv wkh Erqq Djuhhphqw ri 4<:; lq zklfk wkh J8 frxqwulhv lqwhqghg wr jlyh d frruglqdwhg vfdo vwlpxoxv wr d vwdjqdqw zruog hfrqrp| +zlwkrxw djjudydwlqj h{whuqdo lpedodqfhv,1
Zkloh wkhuh lv d suhvvxuh iru pruh vfdo frruglqdwlrq lq Hxursh/ dfwxdo vfdo srolflhv duh sulpdulo| frqgxfwhg zlwk wkh remhfwlyh ri vhuylqj qdwlrqdo lqwhuhvwv udwkhu wkdq xqlrq0zlgh lqwhuhvwv1 Wkhuhiruh/ ixuwkhu uhvhdufk frxog h{whqg wkh fxuuhqw iudphzrun lqwr rqh zkhuh qdwlrqdo vfdo srolflhv lqwhudfw vwudwhjlfdoo|1 D uhohydqw txhvwlrq wkhq lv zkhwkhu fxuuhqw xqlrq0zlgh lqvwlwxwlrqv/ lq sduwlfxodu wkh Vwdelolw| dqg Jurzwk Sdfw/ vx!fh wr lqgxfh vfdo srolf|pdnhuv wr wdnh lqwr dffrxqw wkh xqlrq0zlgh lpsolfdwlrqv ri wkhlu srolflhv1 "< Pruh jhqhudoo|/ rqh zrxog zdqw wr dvvhvv pruh upo| wkh jdlqv iurp vfdo srolf| frrshudwlrq lq d prqhwdu| xqlrq1 Wkh dqdo|vlv lq wklv sdshu fdq eh h{whqghg lqwr ydulrxv rwkhu gluhfwlrqv1 Rqh lv wr uhod{ wkh dvvxpswlrq ri Ulfdugldq htxlydohqfh dqg doorz iru d ulfkhu phqx ri vfdo srolflhv1 Lq sduwlfxodu/ sxeolf ghew fdq eh hpsor|hg dv dq lqvwuxphqw wr lqwhuwhpsrudoo| vprrwk rxw wkh hhfwv ri vkrfnv1 Lw zloo eh lqwhuhvwlqj wr lqyhvwljdwh krz wklv frpelqhv zlwk wkh xvh ri sxeolf vshqglqj wr vwdelol}h fxuuhqw ghpdqg1 Ghflw fhlolqjv/ olnh wkrvh lpsrvhg xqghu wkh Vwdelolw| dqg Jurzwk Sdfw zloo wkhq dovr ehfrph uhohydqw iurp d zhoiduh shuvshfwlyh1 Ixuwkhu/ rqh zrxog h{shfw wkdw wkh lqwhudfwlrq ehwzhhq prqhwdu| dqg vfdo srolf| vwuhqjwkhqv dqg wkdw wlph frqvlvwhqf| sureohpv pd| ghhshq zkhq wkh wlph suroh ri wkh wd{hv dqg2ru wudqvihuv lv qr orqjhu luuhohydqw dqg ghew lv qrplqdo1 Dovr lvvxhv dulvh wkdw shuwdlq wr wkh vfdo uhvwulfwlrqv qhhghg wr surylgh wkh fhqwudo edqn zlwk frqwuro ryhu wkh sulfh ohyho +Vlpv/ 4<<<,1 Dqrwkhu h{whqvlrq zrxog derolvk wkh dvvxpswlrq ri frpsohwh pdunhwv1 Zkhq fhqwudol}hg wr d vx!flhqw h{whqw/ vfdo srolflhv frxog wkhq eh hpsor|hg wr surylgh iru wkh vkdulqj ri frxqwu|0vshflf ulvnv1 D wklug h{whqvlrq zrxog doorz qrw rqo| iru vwlfn| sulfhv/ exw dovr iru vwlfn| zdjhv +h1j1/ Hufhj hw do1/ 5333,1 Dv d uhvxow/ rswlpdo srolflhv zrxog qhhg wr dgguhvv pruh glvwruwlrqv1 Dv d irxuwk hoderudwlrq rq wkh fxuuhqw vhwxs/ rqh frxog lqwurgxfh d wlph0ydu|lqj pdun xs +dorqj wkh olqhv ri .odulgd hw do1/ 5335,/ wkhuhe| jlylqj ulvh wr d frvw0sxvk vkrfn lq wkh Skloolsv fxuyhv/ zklfk djdlq zrxog lpso| pruh glvwruwlrqv wr eh dgguhvvhg1 Ilqdoo|/ wkh prgho fdq eh pdgh pruh uhdolvwlf e| lqwurgxflqj odjv lq wkh wudqvplvvlrq ri srolf|/ zklfk lv hvshfldoo| uhohydqw iru wkh lpsohphqwdwlrq ri vfdo srolf|1 Wkhuh lv d vwurqj frqvhqvxv wkdw lpsohphqwlqj vfdo srolf| dfwlrqv wdnhv pxfk pruh wlph wkdq fkdqjlqj prqhwdu| srolf|1 Iru h{dpsoh/ phdvxuhv kdyh wr eh ghvljqhg/ suhvhqwhg wr wkh sduoldphqw dqg wr eh yrwhg rq1 Wkxv/ wkhuh lv grxew derxw wkh h{whqw wr zklfk vfdo srolf| fdq eh xvhg wr qh0wxqh wkh hfrqrp|1
Wkh vxjjhvwhg h{whqvlrqv zloo doo dhfw wkh xvhixoqhvv ri vfdo srolf| dv dq lqvwuxphqw iru pdfurhfrqrplf vwdelol}dwlrq1 Zkloh wkh odvw h{whqvlrq pd| uhgxfh wkh jdlqv iurp vfdo vwdelol}dwlrq/ wkh frpelqdwlrq ri lqfrpsohwh pdunhwv dqg dv|pphwulf ghpdqg vkrfnv frxog surylgh dq dgglwlrqdo uroh iru vfdo vwdelol}dwlrq srolflhv1 Zh ohdyh wkhvh h{whqvlrqv iru ixwxuh uhvhdufk dqg ylhz rxu dqdo|vlv dv d srwhqwldoo| xvhixo ehqfkpdun iru ixuwkhu dqdo|vhv ri wkh prqhwdu| dqg vfdo srolf| pl{ lq d prqhwdu| xqlrq1 
A r |lhogv vl{ qhfhvvdu| uvw0rughu frqglwlrqv/ zklfk diwhu vrph pdqls0 xodwlrq lpso| wkh iroorzlqj rswlpdolw| frqglwlrqv +ru wdujhwlqj uxohv,= 
Krzhyhu/ iurp wkh v|vwhp ri htxdwlrqv/ zh revhuyh wkdw qdwlrqdo lq dwlrq udwhv fdqqrw eh vwdelol}hg zkhq vxsso| vkrfnv pryh h A | 1 +D surri e| frqwudglfwlrq fdq eh frqvwuxfwhg dorqj wkh olqhv ri wkdw ri Sursrvlwlrq 71, #! Wkh odwwhu dhfwv wkh wudgh r yld ! $>w / wkh pdujlqdo orvv ri wkh whupv0ri0wudgh jds1 Gxh wr wkh g|qdplfv ri wkh odwwhu/ ! $>w lv d glvfrxqwhg vxp ri doo fxuuhqw dqg h{shfwhg ixwxuh whupv0ri0wudgh dqg sxeolf vshqglqj jdsv> fi1 +88,1 +Vshqglqj jdsv hqwhu dv wkh| duh sursruwlrqdo wr wkh pdujlqdo orvvhv ri wkh whupv ri wudgh lq whupv ri orfdo lq dwlrq/ l1h1/ wkh pxowlsolhuv ! ">w dqg ! #>w / uhvshfwlyho|1, 
